Single-photon avalanche photodiodes (SPADs) are widely utilized devices in satellite laser ranging, deep-space laser communication, time-resolved photon counting, quantum key distribution, quantum imaging, and quantum cryptography. For applications in the 1.3-1.55 µm range, devices with a narrower bandgap than silicon, mainly III-V compounds, are utilized. The performance of a SPAD is measured by its photon detection efficiency (PDE) and its dark count rate (DCR). The PDE is the product of the detector quantum efficiency and the breakdown probability. The DCR constitutes false counts originating from dark carriers and it is a measure of how noisy the detector is; the larger the concentration of dark carriers, N d , the larger the dark-count probability is [1] . There are several mechanisms for dark carrier generation, which can be divided into field-assisted and temperature-assisted categories. At high electric fields, N d is strongly affected by band-to-band tunneling and it depends exponentially on the electric field [2] and it becomes a limiting factor in devices with thin multiplication regions (MRs). Another important field-assisted mechanism that contributes to N d is tunneling through defects [3] .
(i.e., excluding GR). It can be seen that in the case where both mechanisms of dark-carrier generation are considered the curves overlap almost completely as the width of the MR increases (solid line). On the other hand, when only field-assisted generation is considered the PDE vs. DCR curve behaves differently; as the width of the MR increases, for a given DCR, the calculated PDE is higher. The results illustrated in Fig. 1 suggest that in cooled devices, the performance will improve as we increase the width of the MR. However, for devices working at room temperature the increment in PDE, due to a wider MR, is counteracted by an increment in DCR and no noticeable performance is predicted as a result of widening the MR. The improvement in the PDE vs. DCR characteristics at low temperatures is attributable to fact that as the width of the MR increases the tunneling current decreases due to the lower electric field.
Our calculations of the single-photon quantum efficiency (SPQE) [1] , as a function of the applied voltage, for several widths of the MR and including both mechanisms of dark-carrier generation, show an optimal thickness of the MR that achieves the maximum peak SPQE. Figure 2 (solid lines) shows that the peak value of each SPQE curve increases as the width of the MR increases, reaching a maximum value (between 1200-1400 nm) beyond which it starts to decrease. Nonetheless, for a scenario dominated by field-assisted dark-current generation both the peak SPQE and the FWHM of each curve increase as the MR increases (dashed lines). The existence of an optimal peak SPQE at room temperature is a result of the competing effects of the fieldand temperature-assisted generation of dark carriers.
In conclusion, our theoretical study shows that the thickness of the MR plays a different role in the performance of a SPAD depending upon what mechanism of dark-carrier generation is dominant. At low temperatures, an increment in the thickness of the MR will result in an improved PDE vs. DCR characteristic. The same behavior is seen in the SPQE curve at low temperatures [5] . At room temperatures, on the other hand, the PDE vs. DCR characteristics seem to be almost independent of the width of the MR while the SPQE curve shows a maximum achievable peak SPQE at a certain optimal bias and MR width.
